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  Older adults are a rapidly growing population which house a subset of older athletes who 
regularly engage in sport competition. The physical health and risk factors of this competitive 
older athlete population have been largely overlooked by healthcare providers and researchers 
and are poorly understood. Older athletes exhibit distinctly different measures of physical 
performance which require unique thresholds to identify health-related risk factors. While lower 
extremity power and movement velocity have been identified as valuable measures of physical 
performance and fall risk in community-dwelling older adults this relationship has not been 
explored in competitive older athletes. One method for analyzing lower extremity power and 
movement velocity in older adults involves the use of a Tendo Power Analyzer (Tendo). The 
Tendo has been recommended for use in field and clinical settings and may be ideal for the 
measurement of older athletes. The purpose of this dissertation study was to (1) report normative 
data for lower extremity power and movement velocity in older athletes, (2) identify any 
relationship between measures of lower extremity power and movement velocity and fall history 
in older athletes and (3) quantify the relationship between measures of lower extremity power 
and movement velocity and more common clinical measures of strength, mobility and balance 
currently utilized to assess fall-risk in this population. Measures from competitive older athletes 
age 50 and older will be analyzed for this dissertation study. This analysis will include athlete 
age, gender, competitive sport, self-reported fall history, peak and average power and movement 
velocity and physical capacity measures of strength, mobility and balance currently utilized to 
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Chapter 1: Introduction 
 This dissertation study explored the construct of lower extremity power and movement 
velocity in older athletes through three empirical studies.  The first examined measures of lower 
extremity power and movement velocity in older athletes as captured by the Tendo Power 
Analyzer (Tendo) with attention to gender, age and competitive sport. This study establishes the 
first set of normative data for lower extremity power and movement velocity in this unique 
population. The second inquiry in this dissertation investigated the relationship between falls and 
measures of lower extremity power and movement velocity. This inquiry will help to guide 
clinicians and researchers in interpreting the utility of these measures in the assessment of fall 
risk for high functioning older athletes. Finally, the third study in this dissertation sought to 
compare measures of lower extremity power and velocity as they relate to more common clinical 
measures already utilized to assess physical performance and fall risk in older athletes. This 
study will allow researchers and clinicians to better choose physical assessments appropriate to 
this unique population. This chapter will outline the purpose and significance of this dissertation 
study while providing relevant background information which supports the need for the inquiry 
that was undertaken. 
Background 
The global population of older adults is rapidly growing with a near doubling expected in 
the years 2025 through 2050 (He et al., 2016). Within this population of older adults is a unique 
subset of older athletes. Increased rates of competitive event participation (Jokl et al., 2004; 
Lepers et al., 2013) and organizational opportunities (NSGA, 2020) demonstrate the growth in 
those who engage in sport competition at older ages. In 2019 more than 13,000 older athletes 




Albuquerque, New Mexico (NSGA, 2020). Athletes participating in the NSGA range in age from 
50 to over 100 years (NSGA, 2020). This unique population appears to be growing not only in 
participation but also in skill with record trends increasing without plateau (Lepers et al., 2021; 
Lepers et al., 2013; Vitti et al., 2020). Studies of older athletes support superior performance on 
measures of physical performance (Glenn et al., 2015; Jordre et al., 2013; Jordre & Schweinle, 
2020), lower rates of cardiovascular disease (Jordre et al., 2021; Shapero et al., 2016) and lower 
fall rates (Jordre et al., 2016).  
The Importance of Older Athlete Health 
 While older athletes demonstrate distinct differences in health from their sedentary peers, 
they are not immune to health risks. Unfortunately, attention to health metrics and risks for this 
population are largely overlooked. Surveys of older athletes found many feel their health 
concerns are dismissed by their physician because they identify as an older athlete while some 
feel their providers do not have appropriate understanding of issues specific to older athletes  
(Shapero et al, 2016).  Older athletes demonstrate an annual rate of falls just over 10% (Jordre et 
al., 2016). While this is a much lower rate than the nearly 30% fall rate found in the general 
population of older adults (Moreland et al., 2020), active older adults have falls that are distinctly 
different. Higher functioning older adults fall while engaged in more complex or vigorous 
activities and are more likely to suffer serious injury when they do fall (Kelsey et al., 2012; 
Speechley & Tinetti, 1991).  Calls have been made to attend more specifically to this unique 
subset of fallers (Gelbard et al., 2014).  
Physical assessments of older athletes have found that unique measures and thresholds 
are needed to identify older athletes at risk for falls due to higher levels of physical performance 




single leg standing tasks (Jordre et al., 2016). Studies of more dynamic balance challenges have 
also found distinct differences with this population (Brauer et al., 2008). While older athletes 
demonstrate similar abilities to community-dwelling older adults when challenged at low 
velocities, they demonstrate a superior ability to adapt their balance with high velocity changes 
(Brauer, 2008).  
The idea of assessing movement velocity as it relates to fall prevention is not novel 
though measurement of this quality in older athletes is scare in the literature. One recent inquiry 
assessed the power and lower extremity velocity of late-middle aged masters athletes as 
compared to those engaged is recreational or sedentary activities (Glenn et al., 2016). That 
inquiry found a greater peak power and velocity in competitive older athletes but no significant 
differences between groups considered recreationally active and those classified as sedentary. 
Though falls were not addressed, these findings suggest that qualities of muscle power and 
movement velocity may be related to balance and thus fall risk in older athletes.  
Power, Movement Velocity and Falls 
 An interest in power and movement velocity as it relates to function and fall risk in older 
adults has grown amongst clinicians and researchers in recent years. It is acknowledged that 
lower extremity power declines with advancing age (Skelton et al., 1994). In that regard, it is 
thought to be a potential indicator of physical health or a signal in advance of functional decline 
(Skelton et al., 2002). This consideration is supported by other authors who have found that 
lower extremity power does appears closely aligned with physical function measures in older 
adults (Foldvari et al., 2000). In comparison to measures of grip strength and lower extremity 
strength, measures of power have proven to relate more to the physical performance of older 




over the age of 70 lower extremity power was determined to be one of the best predictors of self-
reported physical function (Foldvari et al., 2000). Beyond self-report, measures of lower 
extremity power and movement velocity were found to correlate closely to standard clinical 
measurements of physical performance and balance in those over age 65 (Glenn et al., 2017). 
Lower extremity power and movement velocity have been closely associated with fall risk in 
community-dwelling older adults (Parsons et al., 2020; Vincenzo et al., 2018) and were found to 
be more predictive than well-supported measures such as grip strength (Parsons et al., 2020). 
When lower extremity power and movement velocity are tested, findings appear different 
for older adults of different functional levels and with different physical ability (Glenn et al., 
2017). To date there has been minimal inquiry into the lower extremity power or movement 
velocity of older athletes with relatively no attention as to how this might relate to function or 
falls. In 2016, Glenn and colleagues sought to compare sedentary older adults to recreationally 
active and competitively active older adults on measures of lower extremity power and 
movement velocity. This study targeted adults in the 55-64-year age range (Glenn et al., 2016) 
and found competitive athletes to excel at peak power and movement velocity but found little 
difference in measures of average power or movement velocity. Further, while these 
investigators anticipated that even recreationally active older adults might excel in these 
measures they did not find evidence to support this assumption (Glenn, 2016). Findings from this 
inquiry further support the concept that older athletes are a unique and less understood 
population.  
Quantifying Power and Movement Velocity 
 The limited understanding of lower extremity power and movement velocity in older 




well as the inconsistency with which power and movement velocity have been historically 
collected (Alcazar et al., 2018). While dynamic tests, such as those that involve jumping, have 
been attempted in older adults these tests present innate limitations in measuring all participants 
due to pain, joint replacements and safety concerns (Parsons et al., 2020). The accepted gold 
standard for this measure in older adults is the Nottingham power rig (Bassey et al., 1992; Gray 
& Paulson, 2014). The Nottingham power rig requires labor-intensive operator involvement, 
significant expense, and has been criticized for its lack of accessibility in clinical settings 
(Winger et al., 2020; Gray & Paulson, 2014). Other common tools include pneumatic leg press 
devices (Alcazar et al., 2018), also found to be expensive and less common in clinical 
environments (Winger et al., 2020). Gray and Paulson (2014) tested a tool more amenable to 
clinical settings which allows lower extremity power and movement velocity to be tested via a 
portable computer unit connected to a Kevlar string. This device, known as the Tendo weight 
lifting analyzer (Tendo) utilizes participant body weight and speed with a sit to stand activity in 
order to calculate lower extremity power and movement velocity (Gray & Paulson, 2014). The 
Tendo was found to be a valid and reliable approach to measuring lower extremity muscle power 
in older adults when compared to center of mass calculations utilizing digital motional analysis 
(Gray & Paulson, 2014).  
 
A Gap in the Literature 
 The Tendo has been validated for use with older adults but application of this tool has 
included limited exploration into the population of older athletes. The most relevant study of this 
nature involved a small sample of late-middle aged adults and compared Tendo output of lower 




recreationally active or sedentary adults (Glenn et al., 2016). The inquiry provided unexpected 
results with masters athletes demonstrating a significant difference only in peak velocity with 
non-significant trends toward greater lower extremity power (Glenn et al., 2016). No norms for 
lower extremity power or movement velocity have been established for older athletes and no 
relationship between this output and physical performance measures or fall risk have been 
investigated. While these measures may assist in the prediction of falls in the general population 
of older adults (Vincenzo et al., 2018) it has yet to be determined if this tool could be similarly 
useful for older athletes.  
Definition of Terms 
Lower extremity power:  “The product of force and distance divided by the change in time” 
(Gray & Paulson, 2014, p. 2). This measure is reported as watts (W) and for ease of comparison 
with other studies will be reported as watts per kilogram (W/kg) based on each athlete’s 
measured weight in kg.  
Lower extremity movement velocity: the speed of the lower extremity moving through space and 
calculated as distance over time. This measure is reported as meters per second (m/s). 
Older athlete:  an individual age 50 or older who engages in sport competition. 
Fall: coming to rest unexpectedly upon the ground without an external perturbation or medical 
event. 
Research Questions 
1. What are the normative values by age and gender for lower extremity power and 
movement velocity in competitive older athletes aged 50-100? 
2. Do measures of lower extremity power and movement velocity discriminate between 




3. How do measures of lower extremity power and movement velocity relate to more 
traditional measures of physical performance in a population of older athletes? 
4. Do measures of lower extremity power and movement velocity discriminate between 
fallers and non-fallers better than traditional measures of physical performance utilized 
for this purpose in older athletes? 
Purpose of the Study 
The purpose of this dissertation study was to (1) report normative data for lower extremity 
power and movement velocity in older athletes, (2) identify any relationship between measures 
of lower extremity power and movement velocity and fall history in older athletes and (3) the 
purpose of this study is to compare measures of lower extremity power and movement velocity 
to those more commonly used with older athletes in order to determine the measures most 
effective at discriminating fallers from non-fallers. 
Summary of the Three Related Research Studies 
Research study one: Lower extremity power and movement velocity in competitive older 
athletes; the influence of gender, age, and sport intensity. This paper investigated measures of 
lower extremity power and movement velocity from older athletes who competed in the 2019 
National Senior Games competition. Peak and average lower extremity power and movement 
velocity were analyzed by gender and age decade. Further distinction was made for athletes who 
competed in leisure sports such as shuffleboard and horseshoes and those who competed in 
sports with greater physical demands such as running, cycling and swimming. Sport intensity 
was divided by metabolic equivalence (MET) level and definitions from the Centers for Disease 




Research study two: Investigating measures of lower extremity power and movement velocity 
to discriminate fall history in competitive older athletes. This paper investigated older athlete 
fall history as it related to peak and average lower extremity power and movement velocity. 
Athlete self-reported fall history was acquired via interview from athletes participating in the 
2019 National Senior Games Association (NSGA) competition. This study sought to determine 
whether these measures could discriminate between non-fallers and fallers.  
Research study three: Are measures of lower extremity power and movement velocity superior 
to traditional measures of physical performance when assessing fall risk in older athletes? 
This study compared multiple physical performance measures including: usual gait speed, fast 
gait speed, gait speed reserve, grip strength, five times sit to stand test (FTSST), single leg 
balance with eyes closed, and single leg balance on foam with measures of lower extremity 
power and movement velocity. Relationships between these measures were analyzed and the 
ability of each to detect fall status was assessed.  
Significance  
 Due to the sedentary habits of community-dwelling older adults (Matthews et al., 2008), 
the relationships between measures of power, fall risk and physical performance determined for 
this population cannot be accurately applied to older athletes. Identifying fall risk in older 
athletes has proven to be a unique challenge which requires additional considerations for the 
behaviors of this group. Documenting expected norms for older athletes provides the necessary 
reference point for future comparisons within and outside of this population. With normative 
data those who treat older athletes will be better positioned to justify needed interventions and to 
determine success of applied interventions. Determining the practical relationships between 




fall risk in older athletes further guides researchers and clinicians in choosing the most 
appropriate assessments for this population. These findings will ultimately provide support for 
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Chapter 2: Paper One 
Lower extremity power and movement velocity in competitive older athletes; the influence 
of gender, age, and sport intensity. 
Abstract 
Background: The purpose of this study was to objectively define lower extremity power and 
movement velocity in older athletes and to further determine any influence of gender, age or 
sport intensity on these measures. Methods: Older athletes aged 49 through 99 (N=596) 
participating in the 2019 National Senior Games Association summer competition had peak and 
average lower extremity power and movement velocity tested via the Tendo Power Analyzer 
(Tendo) during a Five Times Sit to Stand Test (FTSST). Data Analysis: Multifactorial 
MANOVA testing followed by univariate analysis was completed to determine the influence of 
each variable. Descriptive statistics were utilized to document normative values. Results: 
Findings demonstrated a significant difference in lower extremity power and movement velocity 
by gender, age, and sport intensity. Male athletes demonstrated greater power and movement 
velocity than female athletes. A significant decline with each advancing age decade was 
demonstrated in both genders for all measures. Those engaged in vigorous sport competition 
scored better than those engaged in moderate-intensity sport competition. Normative values by 
age and gender are presented as well as average output across the 20 sports tested. Conclusion: 
Findings support the ability of this older athlete population to demonstrate superior physical 
function despite predictable age-related decline. Normative data can be applied toward more 






 Lower extremity muscle power has emerged as a strong predictor of physical function in 
older adults (Baltasar-Fernandez et al., 2020; Foldvari et al., 2000; Glenn et al., 2017; 
Martinikorena et al., 2016). This metric has been found to associate more to physical function 
than measures strength including grip strength (Alcazar et al., 2020; Losa-Reyna et al., 2020), 
isometric leg strength (Skelton et al., 1994) and muscle mass (Maden-Wilkinson et al., 
2016).While it appears generally accepted that both strength and power decline with advancing 
age (Maden-Wilkinson et al.,2016; Skelton et al., 1994) it appears that power is lost more rapidly 
than muscle strength or mass (Foldvari et al., 2000). Beyond the impact of physical function, the 
decline in power seen with typical aging is associated with decreased balance, an increased risk 
of falling, (Cheng et al., 2014; Parsons et al., 2020; Vincenzo et al., 2018) and increased 
mortality (Metter et al., 2004). As a result, more attention has been paid in recent years to testing 
power and including components to specifically promote power in clinical interventions for older 
adults.(Moran et al., 2018; Orr et al., 2006)  
To date, much of the research on lower extremity muscle power in older adults has been 
conducted in the laboratory (Alcazar et al., 2020; Winger et al., 2020) with equipment not 
practical for most clinical settings while testing in recumbent positions less consistent with the 
functional needs of older adults.(Glenn et al., 2017) Recently, researchers have validated and 
promoted the testing of lower extremity power and movement velocity with sit-to-stand 
maneuvers for older adults utilizing simplified measurement tools in order to foster more 
practical and functional approaches for field and clinical settings.(Alcazar et al., 2020; Gray & 




Careful analysis has demonstrated that the measurement of lower extremity power and 
movement velocity with a sit-to-stand maneuver is as accurate as laboratory tests utilizing a 
pneumatic leg press (Alcazar et al., 2018) or center-of-mass motion analysis (Gray & Paulson, 
2014), and is superior to simply timing the task (Alcazar et al., 2018). One such simplified tool is 
the Tendo Power Analyzer (Tendo; Trencin, Slovac Republic) which utilizes a linear position 
transducer with a portable microcomputer (Gray & Paulson, 2014). This device has been 
validated for sit-to-stand power and movement velocity measurement with older adults (Gray & 
Paulson, 2014). The Tendo has already been utilized to define lower extremity power and 
movement velocity in healthy community-dwelling adults (Glenn et al., 2017) and those with 
sarcopenia (Glenn et al., 2017). However, this valuable measure has been explored only 
minimally in older athletes. 
Older athletes are an increasing subset of the rapidly growing aging population. When the 
National Senior Games Association (NSGA) initiated a biennial sports competition for older 
adults in 1987, 2,500 athletes participated (NSGA, 2021). Now the event, with more stringent 
qualifying standards, regularly draws more than 10,000 competitors age 50 and older to compete 
in 20 distinct sporting events (NSGA, 2021). This trend of increased participation is reflected in 
other competitive opportunities for older athletes including marathons, (Ahmadyar et al., 2016; 
Vitti et al., 2020) Ironman triathlons, (Gallmann et al., 2014; Lepers, Knechtle, & Stapley, 2013; 
Lepers et al., 2013) and masters swimming (Unterweger et al., 2016).  
Across competitive events, these older athletes are not only participating more but have 
collectively demonstrated improved athletic performance (Ahmadyar et al., 2016; Gallmann et 
al., 2014; Lepers et al., 2021; Lepers et al., 2013). When tested on measures of physical capacity 




healthy community-dwelling older adults (Glenn et al., 2015; Jordre & Schweinle, 2020; Jordre 
et al., 2013). More than one investigation of hand grip strength has found these athletes to score 
more similarly to adults two to three decades younger (Jordre & Schweinle, 2020; Stone et al., 
2018). When considering power measures, a comparison of female tennis plays in their 20’s with 
those in their 50’s found surprising similarity and only minimal loss of power in the older athlete 
participants (Stone et al., 2018). 
For this reason, it is critical that clinicians who work with this unique population have 
reference values for accurate assessment and interpretation. Currently, the only Tendo testing 
documented on older athletes involved a small study conducted on late-middle-aged athletes not 
older than 65 (Glenn et al., 2016). Glenn et al. (2016) provided a comparison between these late-
middle-aged athletes and those who were recreationally active or sedentary and demonstrated 
that competitive athletes had distinctly higher peak power and movement velocity scores than 
individuals in either comparison group (Glenn et al., 2016).  
Identifying clear normative values for muscular power and movement velocity in older 
athletes will guide clinicians in more accurate interpretation of older athlete health and 
performance and will assist them in the application of more effective interventions to support this 
exceptional population. The purpose of this study is to describe normative lower extremity power 
and movement velocity in competitive older athletes and to determine the influence of gender, 









 Athletes were recruited via posted advertisements at the 2019 National Senior Games 
Association (NSGA) competition in Albuquerque, NM. Measures of lower extremity power and 
movement velocity were collected as part of a larger fitness screen. All testing was completed by 
trained researchers who were either licensed physical therapists or supervised Doctor of Physical 
Therapy students. All athletes signed an IRB-approved consent form prior to testing. In order to 
participate, athletes were required to be registered as a competing athlete in one of the 20 NSGA 
events displayed in Table 1. All athletes, except for those competing in the powerwalk were 
required to qualify via place and time requirements at the state level. In line with NSGA 
registration requirements, all athletes tested were required to be 50 years of age by the end of the 






NSGA Competitive Sports with Metabolic Equivalent (MET) Intensity Rating 
MET < 6.0 
Archery – non-hunting (4.3) 
Bowling (3.0) 





Table Tennis (4.0) 




Race walking/Power walking (6.) 
Racquetball (10.0) 
Road Race-5K/10K (7.0) 
Swimming (9.8) 
Tennis (7.3) 
Track - Field Events (4.0-6.0) 
Track – Running Events (10.0) 
Triathlon† 
Volleyball (6.0) 
Note. NSGA - National Senior Games Association MET – metabolic equivalent. 
Sports were categorized based on values from the 2011 Compendium of Physical 
Activity unless otherwise noted. 









Athlete gender, age and competitive sport were collected via interview. Prior to testing, 
athlete weight was recorded in kilograms (kg) via a digital instant-read scale (HealthTOOLS 
LLC, Mahwah, NJ).  This number was entered into the Tendo microcomputer for each 
participant prior to testing.  
For Tendo testing athletes had a gait belt secured at their waist and sat in a standard 
armless chair which measured 43 cm from the floor. The Tendo device was positioned on the 
ground, under the athlete’s chair, and to the right of midline in order to limit any deviation of the 
Kevlar string. The Kevlar string from the Tendo device was attached with to the right side of the 
gait belt as shown in Figure 1. This setup is consistent with that used by Gray and Paulson (Gray 
& Paulson, 2014) for Tendo validation testing. Athletes were instructed to cross their arms over 
their chest and perform five sit-to-stand maneuvers as quickly as possible. The researcher 
stabilized the chair and instructed the athlete to “go”. Tendo measurement concluded once the 
athlete returned to sitting after the fifth stand. If the athlete failed to fully stand or sit for a 
repetition or if they utilized or uncrossed their arms the trial was stopped and repeated. Output 
from the Tendo microcomputer included the following for each sit to stand repetition: average 



















Note. This figure depicts the athlete position and attachment of the Kevlar string for sit to stand 
measurement of lower extremity power and movement velocity with the Tendo Power Analyzer. 
During actual testing the athlete’s chair was stabilized by the researcher. 
 
Data Analysis 
An a priori power analysis was conducted with G*Power to determine the sample size 
needed for a power of .80 with an effect size of .15 f2(V) and alpha set at <.05. This analysis 
determined that a minimum of 80 athletes would be needed for an actual power of .92. All 
additional data analysis was conducted via the Statistical Package for the Social Sciences (SPSS) 




For the purposes of norm development and data analysis, athletes were grouped by age 
decade from 50-59, 60-69, 70-79 and 80+. Athletes aged 49 but turning 50 before the end of the 
year were grouped in the 50-59 age group. Athletes’ competitive sports were grouped based on 
activity intensity definitions utilized by the Centers for Disease Control and Prevention (CDC). 
The CDC rates activities that demand 3.0 to 5.9 metabolic equivalents (METs) as moderate 
intensity and those that demand 6.0 METs or greater as vigorous ("National Center for Health 
Statistics: National Health Interview Survey," 2017). MET levels for each sport were taken from 
the updated 2011 Compendium of Physical Activities by Ainsworth (Ainsworth et al., 2011) 
with the exception of pickleball which is not found in Ainsworth’s Compendium but was defined 
by Smith and colleagues as 4.1 METs (Smith, Buchanan, & Dalleck, 2018). Triathlon does not 
have a formal MET level but was grouped with those considered vigorous due to the vigorous 
ranking of each individual component of the sport. NSGA sport intensity level can be found in 
Table 1.  
 Athlete average power per kilogram (W/kg) and average movement velocity in meters 
per second (m/s) were calculated as the average of the five sit-to-stand repetitions. Peak power 
per kg and peak movement velocity were calculated from the highest score achieved during the 
five repetitions. Descriptive statistics were utilized to define average Tendo output by gender, 
age, and sport intensity. Factorial multivariate analysis of variance (MANOVA) was utilized to 
look for differences in average and peak power or movement velocity by gender, age, and sport 
intensity. Significant differences were analyzed further with univariate ANOVA testing and 







 A total of 596 subjects consented to the study and were tested. Upon review of the data, 
24 subjects had incomplete data and were excluded from analysis. This left 572 subjects who 
ranged in age from 49 to 99 with a mean age of 67.97 (SD 9.12). The sample was 57.7% female. 
Chi-square analysis demonstrated no significant difference between the distribution of gender by 
age group across the sample (p=.09). Table 2 displays the subject age and gender distribution. 
Athletes aged 90 and older were included in the 80+ age group as only 6 athletes were in this age 
range. The oldest athlete tested was age 99. The sample included 400 athletes (70%) who were 
registered to complete in at least one sport classified as vigorous (6.0 METs or greater) while the 
remaining 172 athletes (30%) were registered to compete in sports classified as moderate 






Older Athlete Descriptive Statistics 

















































Note. Older athlete age and gender descriptions for the 
population tested. Athletes were grouped for testing by age 
decade. The mean age for each of these groups is reflected in 
the column for average age with the standard deviation (SD) 
of each group.  
 
Analysis of outliers in all dependent variables found extreme outliers only in the 
dependent variable of peak power. This included two male subjects whose peak power measured 
over 40 W/kg. The two data points were removed from analysis. 
 The results of the factorial MANOVA demonstrate significant differences in the sample 
by gender (p<.001), age decade (p<.001) and sport intensity (p<.001). Complete results of the 
MANOVA are found in Table 3. The only significant interaction found was that between gender 




intensity continued to demonstrate a significant difference however, male athletes in different 
sport intensity categories demonstrate smaller differences in lower extremity power and 
movement velocity than female athletes.  
Observed power for the factorial MANOVA was 1.0 for age decade, 1.0 for gender and 
.99 for sport intensity. Effect size, reported as partial eta squared was medium for age (η2=.08) 
and gender (η2=.12) and small for sport intensity (η2=.05).  
Table 3 










Intercept .03 4844.46 4 <.001 .97 1.00 
Age Group .77 12.58 12 <.001 .08 1.00 
Gender .88 19.04 4 <.001 .12 1.00 
MET  .95 6.73 4 <.001 .05 .99 
Age *Gender .96 1.74 12 .05 .01 .83 
Age*MET .99 .55 12 .88 .004 .29 
Gender*MET .98 2.91 4 .02 .02 .78 
Age*Gender*MET .98 .93 12 .51 .007 .50 
Note. Age groups 50-59, 60-69, 70-79 and 80+. MET – metabolic equivalent grouped by 
competitive sport as >6 or <6 MET as found in Table 1.  
Univariate analysis with least significant difference (LSD) post-hoc testing by age decade 
demonstrated a statistically significant decline with each subsequent age decade for average 
power, peak power, average movement velocity and peak movement velocity. Results are 
displayed in Table 4. The decline in each dependent variable by decade continued to be 
significant when analyzed by gender with male athletes demonstrating significantly higher 










Average and Peak Power and Movement Velocity by Age Group 






50-59 108 7.39 1.35 4.29 11.47  
 
(W/kg) 60-69 219 7.01 1.34 2.86 10.22 -5.11 .01 
 70-79 173 6.14 1.39 1.84 9.39 -12.36 <.001 
 80+ 72 5.29 1.22 2.02 8.57 -13.83 <.001 
 Total 572 6.60 1.50 1.84 11.47   
Peak Power 50-59 108 17.72 5.18 9.38 30.84  
 
(W/kg) 60-69 217 16.56 5.10 5.4 33.6 -6.57 .03 
 70-79 173 13.93 4.58 3.44 31.55 -15.84 <.001 
 80+ 72 11.26 3.40 3.69 19.81 -19.18 <.001 
 Total 570 15.31 5.20 3.44 33.6   
Average 
Velocity 
50-59 108 0.75 0.14 0.44 1.17  
 
(m/s) 60-69 219 0.72 0.14 0.29 1.04 -5.09 .01 
 70-79 173 0.63 0.14 0.19 0.96 -12.34 <.001 
 80+ 72 0.54 0.12 0.21 0.87 -13.80 <.001 
 Total 572 0.67 0.15 0.19 1.17   
Peak Velocity 50-59 108 1.32 0.25 0.8 1.88  
 
(m/s) 60-69 219 1.25 0.24 0.48 1.96 -4.99 .01 
 70-79 173 1.11 0.26 0.35 2.05 -11.38 <.001 
 80+ 72 0.96 0.22 0.38 1.5 -13.52 <.001 
 Total 572 1.19 0.27 0.35 2.05   
Note. W/kg-Watts per kilogram of body weight; m/s-meters per second; % change- change in 





Average Power by Gender and Age Group 
 
Note. Average power per kilogram (W/kg) over five consecutive sit to stands as measured via 
Tendo Power Analyzer. Error bars represent 95% confidence interval.  
















Peak Power by Gender and Age 
 
Note. Peak power per kilogram (W/kg) over five consecutive sit to stands as measured via Tendo 
Power Analyzer. Error bars represent 95% confidence interval.  















Average Lower Extremity Movement Velocity by Age and Gender 
 
 
Note. Average lower extremity movement velocity in meters per second (m/s) over five 
consecutive sit to stands as measured via Tendo Power Analyzer. Error bars represent 95% 
confidence interval.  














Peak Lower Extremity Movement Velocity by Gender and Age 
 
 
Note. Peak lower extremity movement velocity in meters per second (m/s) over five consecutive 
sit to stands as measured via Tendo Power Analyzer. Error bars represent 95% confidence 
interval.  










 Athletes engaged in sports classified as moderate intensity demonstrated significantly 
lower scores for all dependent variables when compared to those in vigorous intensity sports 
with differences of at least 10% for each variable, see Table 5. A specific breakdown of these 
outcome measures by sport are identified in rank order in Table 6. Athletes competing in track 
and field ranked consistently at the top while those competing in shuffleboard ranked last for 
each dependent variable.  
Normative lower extremity power and movement velocity by age and gender which 
includes athletes at all MET levels are presented in Table 7a and 7b. 
 
Table 5  
Power and Movement Velocity by MET Level 
 Vigorous Intensity Moderate Intensity   










Average Power W/kg 6.86 (1.41) 6.01 (1.54) 12.39 <.001 
Peak Power (W/kg) 16.07 (5.16) 13.56 (4.87) 15.62 <.001 
Average Velocity (m/s) 0.70 (.14) .61 (.16) 12.86 <.001 
Peak Velocity (m/s) 1.20 (.26) 1.08 (.27) 10.00 <.001 
Note. MET-Metabolic Equivalent, SD-Standard Deviation, W/kg – Watts per kilogram, m/s – 










Normative Power and Movement Velocity for MALE Older Athletes 




50-59 43 7.88 1.46 4.29 11.47 
60-69 85 7.57 1.28 4.39 10.02 
70-79 74 6.71 1.18 3.29 9.39 
80+ 40 5.58 1.23 2.02 8.57 
Total 242 7.04 1.49 2.02 11.47 
Peak Power 
(W/kg) 
50-59 43 19.31 5.48 10.12 30.84 
60-69 83 18.65 5.10 9.19 33.06 
70-79 74 15.94 4.50 6.80 31.55 
80+ 40 12.31 3.39 4.85 19.81 




50-59 43 0.80 0.15 0.44 1.17 
60-69 85 0.77 0.13 0.45 1.02 
70-79 74 0.68 0.12 0.34 0.96 
80+ 40 0.57 0.13 0.21 0.87 




50-59 43 1.40 0.25 0.85 1.88 
60-69 85 1.37 0.22 0.84 1.96 
70-79 74 1.23 0.23 0.67 2.05 
80+ 40 1.03 0.20 0.49 1.50 
Total 242 1.28 0.26 0.49 2.05 
Note. W/kg – Watts per kilogram, m/s – meters per second, SD – standard 











Normative Power and Movement Velocity for FEMALE Older Athletes 




50-59 65 7.06 1.18 4.64 9.79 
60-69 134 6.65 1.26 2.86 10.22 
70-79 99 5.72 1.39 1.84 8.72 
80+ 32 4.94 1.13 2.11 6.99 
Total 330 6.29 1.43 1.84 10.22 
Peak Power 
(W/kg) 
50-59 65 16.67 4.74 9.38 29.25 
60-69 134 15.26 4.66 5.40 33.60 
70-79 99 12.44 4.06 3.44 24.34 
80+ 32 9.95 2.97 3.69 15.99 




50-59 65 0.72 0.12 0.47 1.00 
60-69 134 0.68 0.13 0.29 1.04 
70-79 99 0.58 0.14 0.19 0.89 
80+ 32 0.50 0.12 0.22 0.71 




50-59 65 1.27 0.23 0.80 1.76 
60-69 134 1.18 0.23 0.48 1.75 
70-79 99 1.02 0.23 0.35 1.49 
80+ 32 0.87 0.20 0.38 1.22 
Total 330 1.12 0.26 0.35 1.76 
Note. W/kg – Watts per kilogram, m/s – meters per second, SD – standard 






 This analysis reveals the first set of normative data for lower extremity power and 
movement velocity appropriate for use with older athletes and will allow clinical application to 
extend to this unique subset of the population. The outcomes presented here demonstrate the 
need to differentiate athletes by age and gender when interpreting power and movement velocity 
outcomes. Loss of power and velocity by age decade was more linear and consistent than that 
found in previous studies of healthy older adults (Glenn et al., 2017a). Losses from the 6th to the 
7th decade were smallest at 5-7% for all measures of power and velocity. These declines are 
depicted in Table 4 and Figures 2-5. From the 7th to the 8th  decade, losses ranged from 11-16% 
on all measures. The oldest age group demonstrated the greatest losses which ranged from 13% 
to more than 19%. In each age group, the greatest loss was consistently seen in peak power. Peak 
power has been reported as key to predicting functional limitations in other populations of older 
adults (Reid & Fielding, 2012). 
While these athletes demonstrated consistent decline with age, the level of power and 
movement velocity still surpassed lower extremity power and movement velocity values 
presented in the literature for similar age groups of healthy older adults at each decade (Glenn et 
al., 2017a). Interestingly, the values published by Glenn et al. (2017a) for a younger cohort of 
healthy adults aged 18-40 were surpassed at nearly every level by the older athlete men in this 
study with the exception of average and peak velocity in the 80+ age group. Additionally, female 
older athletes in the 50-59 year age group consistently exceeded these young adult norms at 
every level. This follows a trend of findings that demonstrate the ability of older athletes to 
preserve physical function into advance age at a level more similar to young adults (Jordre & 




 Beyond gender and age differences, these older athletes demonstrated differences in 
lower extremity power and movement velocity that were associated with the intensity of their 
competitive sport. While the observational design of this study cannot prove causation, this 
finding supports the idea that the intensity of physical activity plays an important role in physical 
outcomes even amongst competitive older athletes.  Jordre et al. (2013) reported previously that 
athletes engaged in less demanding sport competition demonstrated slower times on the Five 
Times Sit to Stand Test (FTSST) though they continued to perform the test more rapidly than 
their sedentary peers and Glenn et al. (2015) found masters athletes to have significantly faster 
maximal gait speed when compared to recreationally active older adults.  (Ahmadyar et al., 
2016; Lepers et al., 2021)Yet, while exploring the results in Table 6 some findings leave room 
for more investigation. Golf with a cart, MET level 3.5 ranked considerably higher on all 
measures of lower extremity power and movement velocity than table tennis, MET level 4.0. 
This difference confirms the multi-faceted contributions that physical activity and sport 
specificity likely play in the achievement power and velocity measures and is a good reminder 
that further testing is needed to more completely understand the impact of various activities. 
While an interaction was found between sport intensity and gender, significantly higher scores 
persisted for those engaged in vigorous sports when compared to those in moderate intensity 
sports for both genders. It does appear that this division is generally greater for female athletes 
but should also be explored further. 
Limitations 
 While the size and specific focus of this sample lends confidence to the overall findings 
reported here the observational design is a limitation. Additional variables related to athlete 




cannot be accounted for. Further, the smaller proportion of the sample engaged in less intense 
sport competition which makes it difficult to confidently declare no difference between those 
who engaged in more intense sport competition. This sample of convenience could mean that 
those athletes seeking a fitness screen represent a unique subset of competitive older athletes and 
may not be a true representation of the thousands who compete each year.  
Conclusion 
 This report displays the first normative data available for the lower extremity power and 
movement velocity of older athletes. These findings support distinct differences between athletes 
by gender, age and sport intensity. These athletes appear to maintain levels of power and 
movement velocity which are substantially higher than their peers and align more with a younger 
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Chapter 3: Paper Two 
Investigating measures of lower extremity power and movement velocity to discriminate 
fall history in competitive older athletes 
Abstract 
Background: Measures of lower extremity power and movement velocity have been presented 
as closely associated with functional ability in older adults and as a useful tool in identifying 
those at risk for falls in the general population. No studies to date have assessed the relationship 
between measures of lower extremity power and movement velocity and falls in older athletes. 
Methods: Athletes, all age 50 and older, participating in the 2019 National Senior Games 
Association competition were interviewed to determine their 12 month fall history. Each then 
performed a five times sit to stand (FTSST) test while lower extremity power and movement 
velocity was measured using a Tendo Power Analyzer. Results: Of the 572 athletes tests 13.5% 
reported a fall in the past 12 months. Fallers demonstrated significantly lower scores on all 
measures of power and movement velocity than non-fallers (ps<.001) and logistic regression 
identified each measure as significantly associated with falls (OR .11-.87, ps<.001). ROC 
analysis found peak power to have the largest AUC for male athletes (AUC .70, p<.001) and 
found peak power to be significantly larger than the other variables for female athletes (AUC 
.63, p=.002). Conclusion: Measures of lower extremity power and movement velocity are 
associated with falls in older athletes with peak power emerging as the strongest predictor. High 
negative predictive values suggest these measures may be best at identifying those who will not 






Falls are a problem of epidemic proportions in aging adults; nearly one-third of the older 
adult population reports a fall in a given year (Moreland et al., 2020). Physical function appears 
to decline well in advance of falls (Peeters et al., 2015) creating the opportunity to screen older 
adults and make efforts toward fall prevention. Recently, attention has shifted to the assessment 
of muscular power and velocity as a potential predictor of falls. Prospective testing of older 
adults in the Hertfordshire Cohort study determined that those with higher muscle power and 
movement velocity experienced fewer falls than those with lower scores (Parsons et al., 2020). 
The Hertfordshire study, in fact, found muscle power and movement velocity to be better 
predictors of falls than common clinical physical performance measures such as gait speed, chair 
rise time and grip strength (Parsons et al., 2020). These findings are in line with past studies 
which point to lower muscular power as a risk factor for falls (Chan et al., 2007; Cheng et al., 
2014; Skelton et al., 2002). In studies of community-dwelling older adults, lower values of 
muscle power (Cheng et al., 2014; Parsons et al., 2020; Skelton et al., 2002; Vincenzo et al., 
2018) and movement velocity (Iwata et al., 2014; Parsons et al., 2020; Vincenzo et al., 2018) 
have been found to be more associated with falling. Training to improve muscular power in older 
adults has been associated with improved balance scores (Aquino et al., 2020; Orr et al., 2006). 
While older athletes appear to enjoy a lower prevalence of falls, they are not immune to 
this risk (Jordre et al., 2016) and continue to demonstrate a decline in balance with advancing 
age (Leightley et al., 2017). Just over 10% of competitive older athletes report a fall in a given 
year (Jordre et al., 2016). While some measures of static balance aid in the detection of fall risk 
in this active population (Jordre et al., 2016) there have been no investigations on the influence 




Brauer et al. (2008) found a superior ability of older athletes to respond to high-velocity 
perturbations when compared to community-dwelling older adults. This finding, in light of 
limitations with balance studies, suggest that lower extremity power and movement velocity may 
be valuable measures in the prediction of falls for older athletes. Thus, the purpose of this study 
is to identify any relationship between measures of lower extremity power and movement 
velocity and fall history in older athletes. 
Methods 
Participants 
Older athletes were recruited via posted advertisements at the 2019 National Senior 
Games Association (NSGA) competition. Only those registered to participate in the 2019 NSGA 
competition were recruited. All registered athletes were at least 50 years of age by the end of the 
2019 calendar year and each signed an IRB-approved consent form to participate in the study. 
Athlete age and gender were reported as was weight in kg via a digital instant-read scale 
(HealthTOOLS LLC, Mahwah, NJ). 
Fall History 
Fall history was collected through an interview format with athletes reporting any falls in 
the past 12 months as “yes” or “no”. Falls were designated as coming to rest unintentionally on 
the ground without an external force or medical event such as fainting.  
Lower extremity power and movement velocity 
Measures of lower extremity power and movement velocity were collected with the 




measurement of lower extremity power and movement velocity in older adults by Gray and 
Paulson (2014). The Tendo was set up was as described by Gray and Paulson (2014) with the 
athlete seated in a chair 43 cm from the floor and arms crossed over their chest. A Kevlar string 
extended from the Tendo, positioned on the floor, to a belt worn by the athlete and was attached 
by a clip on the right side of the belt. Athletes were instructed to perform five sit-to-stands as 
quickly as possible while fully extending their legs for each stand and coming to rest on their 
buttocks between repetitions. Athletes were able to view a demonstration prior to attempting this 
task. If an athlete failed to follow the protocol of sit to stand as directed, they were asked to 
repeat the trial after a short rest.  
Prior to starting the sit-to-stand trial, athlete weight (kg) was entered into the Tendo 
microcomputer. Tendo output includes average and peak power in Watts (W) as well as average 
and peak movement velocity in meters per second (m/s) for each sit-to-stand. For the purposes of 
calculation, the average of all five sit-to-stands were utilized to analyze average power and 
movement velocity measures. The highest value for the five sit-to-stands were utilized for 
measures of peak power and peak movement velocity. Athlete weight in kg was utilized to 
calculate power in relation each athlete’s weight and was reported in W/kg. 
Data Analysis 
Chi Square was utilized to determine any difference in categorical variables by age, 
gender or fall status. Independent t-tests were used to compare differences in the four outcome 
measures by gender. Because all four variables were collected from the same movement, results 
were tested for multi-collinearity. Correlation between the output variables were all greater than 
.80 and variance inflation factors were all greater than 5 suggesting a potential problem with 




relationship between fall history and these closely related measures a separate logistic regression 
was performed for each measure (peak power, average power, peak movement velocity, and 
average movement velocity) to determine any association with falls. Receiver operating 
characteristic (ROC) curves were utilized to determine ideal cut-scores to optimize sensitivity 
and specificity for each measure with positive (PPV) and negative (NPV) predictive values. ROC 
curves were compared to determine the most predictive of the four outcome measures. Alpha 
was set at .05. The Statistical Package for Social Sciences version 27.0 and MedCalc version 
20.013 were utilized for data analyses. 
Results 
 A total of 572 athletes were tested and 77 (13.5%) reported having at least one fall in the 
past twelve months. Athlete age ranged from 49 to 99 with a mean of 68.0 (SD 9.1). Chi Square 
analysis demonstrated no significant difference in fall prevalence by gender (=2.67, p=.10) 
with 10.7% of males and 15.5% of females reporting a fall in the past twelve months. There was 
no significant difference in the distribution of gender by age group (=6.56, p=.09). Falls were 
distributed differently by age group (=10.9, p=.01)  with a steady increase in the percent of 
fallers with each advancing age decade, see Table 1. All measures of power were significantly 
different between male and female athletes with male athletes consistently scoring higher than 






Table 1  
Twelve-Month Self-Reported Fall History by Age-Decade in Older Athletes 
 Age Group Total 
 50-59 60-69 70-79 80+  
 N % N % N % N % N % 
Non-Fallers 100 92.6% 195 89.0% 144 83.2% 56 77.8% 495 86.5% 
Fallers 8 7.4% 24 11.0% 29 16.8% 16 22.2% 77 13.5% 
Total 108 100% 219 100% 173 100% 72 100% 572 100% 
Note. Prevalence of falls was significantly different by age group with =10.9, p=.01. 
  
Independent samples t-tests were used to compare power variables by fall status. 
Variables were all significantly different by fall status (ps<.0001) with non-falling athletes 
demonstrating consistently higher scores. The Cohen’s d effect size of these differences ranged 
from small for average velocity (d=.15) and peak velocity (d=.27) to large for average power 






Table 2  
Power Variables by Fall Status 
Variable Fall N Mean SD t p Cohen’s d 
Average Power 
(W/kg) 
No 495 6.71 1.45 
4.47 <.001 1.48 
Yes 77 5.90 1.67 
Peak Power  
(W/kg) 
No 493 15.72 5.16 
4.70 <.001 5.10 
Yes 77 12.72 4.76 
Average Velocity 
(m/s) 
No 495 .69 .15 
4.47 <.001 .15 
Yes 77 .60 .17 
Peak Velocity  
(m/s) 
No 495 1.21 .26 
4.96 <.001 .27 
Yes 77 1.05 .28 
Note. W/kg – Watts per kilogram, m/s – meters per second, p - significance for t test; SD, 
standard deviation. 
 
Logistic regression for each of the power variables demonstrated a significant increase in 
fall risk with reduction in each of the power variables with a significance of p<.001 for each. 
Odds ratios ranged from .03 for average velocity to .87 for peak power. Hosmer and Lemeshow 






Logistic Regression for Falls by Power Variables 
Predictor ß S.E. Wald df p OR 95% CI 
Average Power -.360 .084 18.590 1 <.001 .70 .59-.82 
Peak Power -.135 .029 21.279 1 <.001 .87 .83-.93 
Average Velocity -3.530 .819 18.575 1 <.001 .03 .01-.15 
Peak Velocity -2.232 .480 21.646 1 <.001 .11 .04-.28 
Note. ß - beta coefficient, S.E. - standard error, Wald - Wald Chi-Square, df - degrees of freedom; 
p - significance of coefficient, OR - odds ratio as ExpB, CI - Confidence Interval for OR. 
 
Receiver operating characteristic (ROC) curve analysis found a significant relationship 
between falls and each of the four dependent variables for both male and female athletes with an 
area under the curve (AUC) ranging from .67-.70 for males and .60-.63 for females. This 
relationship is depicted in Figure 1a for male athletes and Figure 1b for female athletes. ROC 
analysis determined optimal cut scores for male athletes to be 5.78 W/kg for average power, 
17.05 W/kg for peak power, .59 m/s for average velocity and 1.3 m/s for peak velocity. Female 
athlete cut scores were 5.85 W/kg for average power, 13.39 W/kg for peak power, .60 m/s for 
average velocity and 1.12 m/s for peak velocity. Sensitivity and specificity for these cut scores 
ranged from 47% to 85% and can be found in Table 4. 
Comparison of the ROC curves for male athletes demonstrated no significant difference 
in predictive value between the four outcome measures. For female athletes peak power was 




velocity (p <.01). The difference between the significantly different AUC values for each of 














Figure 1a. ROC Curve Analysis of Power Measures by Fall Risk for 
Older Male Athletes 
Figure 1b. ROC Curve Analysis of Power Measures by Fall Risk for 






Lower Extremity Power and Movement Velocity Cut Scores Associated with Falls in Older 
Athletes 




.67 .01 .55-.79 5.78  46% 85% 26.7 92.9 
Peak Power 
(W/kg) 
.70 <.001 .59-.82 17.05  85% 50% 16.8 96.4 
Average 
Velocity (m/s) 
.67 .01 .55-.79 .59  46% 85% 27.3 92.9 
Peak Velocity 
(m/s) 





















1.12 67% 56% 20.9 89.8 
Note. AUC, area under the curve; p, significance of AUC; 95% CI, 95% confidence interval 
for AUC; Cutoff, optimal cutoff score for variable in the prediction of falls. 
 
Discussion 
 The older athletes investigated here demonstrated a considerably lower fall rate than the 
general population (Moreland et al., 2020). While the rate of 13.5% is slightly higher than that 
previously reported for this population (Jordre et al., 2016) it remains less than half that reported 
for the general population of older adults (Moreland et al., 2020). These results further support 




active peers (Glenn et al., 2015; Jordre & Schweinle, 2020; Jordre et al., 2013). When comparing 
these results to similar studies of healthy community-dwelling older adult who did and did not 
fall it is clear that this population of older adults has a distinctly different level of physical 
ability. In a 2014 study by Cheng et al. reported levels of lower extremity peak power in fallers 
and non-fallers were 3.7 and 5.5 W/kg respectively while peak power for fallers in this study was 
9 W/kg higher at 12.7 W/kg and peak power for non-falls was more than 10 W/kg higher at 15.7 
W/kg.  Despite superior health metrics, this highly active population cannot ignore the risks 
associated with falling and findings from this analysis may assist in better understanding their 
risks. Investigations of the heterogeneity of falls demonstrate that healthy older adults who 
engage in more vigorous activity levels are more likely to suffer falls outdoors and may be at risk 
for more serious injuries (Kelsey et al., 2012). Kelsey et al. (2012) suggests that these distinctly 
different fallers require unique testing and intervention approaches to adequately meet their 
needs. The findings from this investigation would continue to support that belief.  
 The odds ratio for power demonstrates that for each additional W/kg  of average power 
achieved by an older athlete the odds of falling is decreased by 30% and for each additional 
W/kg higher for peak power their odds of falling decreases by 13%. Odds ratios for measures of 
lower extremity velocity demonstrate a 97% reduction in odds for each m/s greater average 
velocity and an 89% reduction in risk for peak velocity. The large range of scores for average 
power (1.84-11.47 W/kg) and peak power (3.44-33.60 W/kg) make these odds ratios more 
meaningful while the range for average velocity (.19-1.17 m/s) and peak velocity (.35-2.05 m/s) 
demonstrate the smaller magnitude of this measure.  
Review of the ROC analysis and comparison of ROC curves suggest the need for close 




that peak power is a key indicator of physical function in older adults (Reid & Fielding, 2012). 
While no ROC curve emerged as superior for male older athletes’ peak power had the largest 
AUC value and was the only measure that achieved an AUC of .70, a level generally considered 
acceptable for discrimination. In female athletes ROC curves never reached an AUC of .70 
which indicates a gender difference in fall predictors and the need to review alterative predictors 
for female older athletes. Nonetheless, ROC comparison revealed peak power to be the largest in 
magnitude for female athletes as well as significantly larger than the other outcome measures. 
The ROC analysis for each of these measures suggest they are better at screening out those who 
will not fall than identifying those who will fall. This is likely due to the relatively low 
prevalence of falls in the population.  
Past studies of older athletes have found measures of strength, specifically grip strength, 
to be more predictive for male rather than female athletes (Jordre et al., 2016; Stevens et al., 
2012) while others have found older men to have a greater decline in power with age  These 
findings suggest the need for more investigation into the implications of power measures and the 
effect of gender. 
Limitations 
The self-reported nature of falls prevalence in this study is likely to represent fewer falls 
than actually occurred though this underrepresentation is known to occur in statistics for 
community-dwelling older adults as well (Mackenzie, Byles, & D'Este, 2006). Athletes in this 
study volunteered for testing and are not a random sample of the athletes competing. The 
retrospective nature of reporting falls has limitations and could be improved upon with a 
prospective study. Overall, outcomes from this study represent a highly competitive group of 




recreationally active older adults have been consistently found to perform differently than 
competitive older athletes on physical performance measures (Glenn et al., 2016; Glenn et al., 
2015). Comparison to populations at a lower level of function is difficult for several reasons. 
Testing of power in older adults is known to be highly variable with an abundance on different 
methods and devices utilized to capture this information (Alcazar et al., 2018). This impacts not 
only the units utilized for reporting but also creates differences in reported power due to the 
varied activities performed during testing. Studies conducted to assess the impact of power on 
older adult balance frequently fail to report raw power or movement velocity data and instead 
focus on improvement or balance scores or the type of training implemented.  
Conclusion 
Lower extremity measures of power and movement velocity are strongly associated with 
falls in older athletes with peak power emerging as the most relevant among those tested. The 
predictive ability of these measures with associated cut scores, however are best at identifying 
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Chapter 4: Paper Three 
Are measures of lower extremity power and movement velocity superior to traditional 
physical performance measures when assessing fall risk in older athletes? 
Abstract 
Background: A growing population of older athletes has created the need to effectively assess 
their physical function in meaningful ways. Recent attention has shifted to the importance of 
assessing lower extremity power and movement velocity as a superior means of identifying those 
with a history of falls as compared to more traditional measures. Methods: A population of older 
athletes was queried on their fall history and consented a battery of physical performance 
measures. Tests included lower extremity power and movement velocity and those more 
commonly used in the assessment of fall risk including tests of strength, mobility and balance. 
Logistic regression and receiver operating characteristic (ROC) curve analysis were utilized to 
determine those tests most associated with fall history. Results: Measures of lower extremity 
power and movement velocity were significantly associated with fall history with statistical 
relationships similar to measures of strength, mobility and balance. Area under the curve in ROC 
analysis was highest for peak power in male athletes (AUC .71, p=.01) and for grip strength in 
female athletes (AUC .66, p<.001). Backward elimination stepwise regression promoted a model 
that included the five times sit to stand (FTSST) test for male athletes (p<.001). The model for 
female athletes included grip strength and single leg stance with eyes closed (p<.001). 
Conclusion: Lower extremity power and movement velocity were significantly associated with 
fall history in older athletes but did not emerge as superior when attempting to screen this 









Within the rapidly growing population of older adults a subset of highly active older 
athletes is emerging. These older athletes have contributed to the growth of a variety of 
organized events such as marathons (Ahmadyar, Rosemann, Rüst, & Knechtle, 2016; Vitti, 
Nikolaidis, Villiger, Onywera, & Knechtle, 2020), triathlons (Gallmann et al., 2014; Lepers et 
al., 2013), and swimming competitions (Unterweger et al., 2016). The National Senior Games 
Association (NSGA) biennial games which supports 20 distinct sports for adults age 50 and older 
has grown as well. From their first events in 1987 to the most recent competition of 2019 the 
NSGA has seen an increase in participation of more than 400% (National Senior Games 
Association (NSGA), 2021).  
This unique population has demonstrated the ability to evade some of the typical physical 
declines seen with aging (Beaumont et al., 2018; Gomez-Bruton et al., 2020). They demonstrate 
markedly lower rates of cardiovascular disease and diabetes (Jordre et al., 2021), they retain 
strength metrics more similar to young adults (Jordre & Schweinle, 2020a) and demonstrate 
measures of mobility superior to even recreationally active older adults (Glenn et al., 2015).   
When considering the epidemic problem of falls in older adults this population 
demonstrates a fall rate than is more than 60% lower than that seen in the general population 
(Jordre et al., 2016; Moreland et al., 2020). Yet, this group of older adults still experiences falls. 
With nearly 11% of older athletes reporting a fall in a given year a concerning risk remains 
(Jordre et al., 2016). Falls have been found to be different in higher functioning older adults. Due 
to their engagement in a greater variety of activities falls tend to happen in locations outside of 




assessments for falls in highly active older adults have generally been neglected in the literature 
(Kelsey et al., 2012).  
Efforts to screen for fall-risk in the general population of community-dwelling older 
adults are abundant (Gafner et al., 2021). Investigation into the best measures for the 
identification of fallers in the population of older athletes, however, is quite limited (Jordre et al., 
2016). To date, the recommendations for older athletes have focused on variations of the single 
leg stance test including unique options with the eyes closed and while standing on a foam pad in 
addition to the Five Times Sit to Stand Test (FTSST) (Jordre et al., 2016). It appears that some 
tests found to be appropriate in the screening of fall risk for community-dwelling older adults 
such as the functional reach test (Gafner et al., 2021)  and single leg stance with eyes open 
(Kozinc et al., 2020) are not adequate indicators of fall history in older athletes (Jordre et al., 
2016). Several physical performance measures are currently utilized in the health screening of 
older athletes at the biennial NSGA competition as part of the Senior Athlete Fitness Exam 
(SAFE) (Jordre & Schweinle, 2020b). Measures currently utilized with this population that may 
relate to fall risk include: Usual Gait Speed, Fast Gait Speed, Gait Speed Reserve, Single Leg 
Stance with Eyes Closed, Single Leg Stance on Foam, FTSST and Grip Strength (Jordre & 
Schweinle, 2020b). Many of these have shown some relationship to fall history in older athletes 
though Single Leg Stance with Eyes Closed and Single Leg Stance on Foam have been promoted 
as the best indicators, particularly when utilized together (Jordre et al., 2016). 
Of the measures of physical function currently utilized to assess physical performance 
and fall risk in older athletes, none have included measures of lower extremity power or 
movement velocity. Measures of this nature have recently been promoted as superior indicators 




movement velocity in community-dwelling older adults were determined to be more associated 
with fall history than measures of grip strength, gait speed and  the FTSST (Parsons et al., 2020). 
Past investigations of lower extremity power and movement velocity confirm this relationship 
with fall status (Cheng et al., 2014; Iwata et al., 2014; Vincenzo et al., 2018). While none have 
explored this relationship specifically in older athletes, Iwata et al. (2014) did specifically 
address high-functioning older adults when linking movement velocity to fall history. 
While the assessment of lower extremity power and movement velocity is an area of 
contemporary interest, the many methods most consistently used by researchers have limited 
portability which make them less conducive to collecting this information in typical clinic or 
field settings (Alcazar et al., 2018). A portable tool promoted for clinical and field testing of 
lower extremity power and movement velocity in older adults has recently been validated (Gray 
& Paulson, 2014). This tool, known as the Tendo Power Analyzer (Tendo; Trencin, Slovac 
Republic) provides measures of peak and average lower extremity power and movement velocity 
and can be applied with a sit-to-stand maneuver. Initial testing of older athlete power and 
movement velocity on the Tendo found them to have superior peak power and peak movement 
velocity when compared to their sedentary and even recreationally active peers (Glenn et al., 
2016).  
Understanding how measures of lower extremity power and movement velocity compare 
with other physical performance measures in their ability to discriminate older athletes with a fall 
history may assist clinicians in understanding the best tools to apply for the screening and 
ongoing assessment of older athletes. Thus, the purpose of this study is to compare measures of 




commonly used with older athletes in order to determine the measures most effective at 
discriminating fallers from non-fallers. 
Methods 
Participants 
Participants were recruited from NSGA athletes registered to compete in the 2019 NSGA 
summer competition. Athletes were recruited from within the Athlete Village housed in the 
Albuquerque Convention Center during the two weeks of NSGA competition through posted 
advertisements, word of mouth and prior to the competition through electronic notifications 
published by the NSGA. As defined by NSGA registration criteria all participating athletes were 
at least 50 years of age prior to the end of 2019 and all those tested were registered to compete in 
one of the 20 events supported by the NSGA. Registration to participate in the NSGA 
competition required previous qualification at the state level in the athletes’ given sport based on 
place or time requirements with the exception of the power walk which did not require 
qualification. All subjects signed an IRB-approved consent prior to testing.  
Descriptive Variables 
All participants were interviewed by a researcher to determine their age, gender and fall 
history. To establish fall history, athletes were asked if they had fallen in the past 12 months with 
a fall defined as coming to rest unintentionally on the ground without an external force or 
medical event. Participants answered this question as “yes” or “no”. Participant weight was 
measured via an instant-read digital scale (HealthTOOLS LLC, Mahwah, NJ) and recorded in 






 Physical performance measures included categories of lower extremity power and 
movement velocity (average power, peak power, average velocity, peak velocity), strength (grip 
strength, FTSST), mobility (usual gait speed, fast gait speed, gait speed reserve) and balance 
(single leg stance with eyes closed and single leg stance on foam). Testing procedures and 
justification are provided in detail below. 
Lower Extremity Power and Movement Velocity 
 All measures of lower extremity power and movement velocity were taken during the 
FTSST which is described in detail below. A Tendo Power Analyzer (Tendo; Trencin, Slovac 
Republic) was positioned below the participant’s chair. A Kevlar cord extended from the Tendo 
and was attached to the right side of the participants waist via a gait belt. Participant weight in kg 
was entered into the Tendo microcomputer prior to initiation of the test. This set up is consistent 
with that described by Gray & Paulson (2014) who validated the Tendo for sit-to-stand 
measurements of power and movement velocity. Gray & Paulson (2014) also demonstrate 
reliability with the Tendo unit for repeated chair stand (Cronbach’s alpha=.98).  
Power and Movement Velocity Testing 
 Average lower extremity power was collected from the Tendo output in Watts (W) and 
recorded as the average of the five sit to stand repetitions in W/kg of body weight. Peak lower 
extremity power was collected as the highest value achieved throughout the five sit to stands in 
W/kg. Average movement velocity was collected as the average velocity in meters per second 
(m/s) over the five sit to stand repetitions. Peak movement velocity was collected as the highest 






Grip strength was tested in a seated position using a hydraulic hand grip dynamometer 
with the grip width set at the second setting for all athletes. Participants were tested with their 
arm down by their side and their elbow bent at 90 degrees of flexion with their wrist in neutral. 
This is a standard position utilized for the creation of norms for the general community and older 
athletes (Jordre & Schweinle, 2020a; Wang, Bohannon, Li, Sindhu, & Kapellusch, 2018).  
Hand grip dynamometry is a reliable method of testing grip strength (ICC .85-.98) 
(Peolsson, Hedlund, & Oberg, 2001). Grip strength has been promoted as another “vital sign” in 
older adults (Bohannon, 2015) and is associated with falls in the general population of older 
adults (Bohannon, 2019; Yang et al., 2018). Grip strength has further been found to associate 
with fall risk in older male athletes (Jordre et al., 2016). In community-dwelling older adults, 
lower extremity power and movement velocity have proven to be more useful in the prediction 
of physical function than measures of grip strength (Parsons et al, 2020; Vincenzo et al, 2018).  
The Five Times Sit to Stand Test (FTSST) 
The FTSST was conducted as per Bohannon and colleagues (Bohannon, Bubela, Magasi, 
Wang, & Gershon, 2010) with participants seated in a chair without armrests, 43 centimeters 
from the ground. Participants were instructed to cross their arms over their chest and perform 
five sit to stand maneuvers as quickly as possible. Timing was started on the word “go” and 
stopped after the participant resumed a seated position after the fifth stand. Participants were 
required to stand and sit completely for each repetition however they were not required to slide 




for stability and stood behind the participant for purposes of timing.  Participants were given 
only one trial however, those who failed to follow the instructions correctly were given a second 
trial after a short rest.  
The FTSST is currently used in the screening of lower extremity strength in older athletes 
(Jordre & Schweinle, 2020b; Jordre et al., 2013). A recent systematic review and meta-analysis 
of the FTSST for adults found it to be a sound test with excellent reliability (ICC .74-.99) as a 
tool for assessing lower extremity strength in adults of all ages with or without underlying 
comorbidities (Munoz-Bermejo et al., 2021). This measure has proven to be predictive of falls in 
community-dwelling older adults (Cheng et al., 2014; Chorin et al., 2016), associated with falls 
in older athletes (Jordre et al., 2016), and is correlated with lower extremity power in older adults 
(Cheng et al., 2014). 
Mobility 
Mobility was assessed with measures of usual and fast gait speed. Gait speed reserve, the 
difference in speed between fast and usual gait speed, was calculated and utilized as a third 
indicator. The walking course covered 14 meters. The central 10 meters was utilized for timing 
and the first and last two-meter segments were utilized as acceleration and deceleration zones. A 
recent systematic review of gait speed indicates that this method includes an appropriate 
acceleration and deceleration zone and that the longer distance likely reflects participant ability 
accurately (Stuck et al., 2020). 
Gait speed has been promoted as a “vital sign” for the physical function of older adults 
(Studenski et al., 2003) and an indicator of fall risk (Viccaro et al., 2011) in community-dwellers. 




populations with known functional limitations (Cuoco et al., 2004; Martinikorena et al., 2016). 
Usual and fast gait speed have previously demonstrated a weak relationship with fall status in 
older athletes (Jordre et al., 2016) however gait speed reserve of less than .6 m/s has been 
associated with falls in this population (Jordre et al., 2020). 
Balance 
Single Leg Stance Eyes Closed  
Single leg stance with eyes closed was performed with the participant standing without 
shoes on a hard, level surface with arms crossed over their chest. Participants chose their 
preferred leg for testing as per previous protocols (Hurvitz et al., 2000; Springer et al., 2007). 
Timing was started once the participant attained a single leg stance with the eyes closed. Timing 
was stopped if the participant opened their eyes, used their hands or opposite foot for support, 
uncrossed their arms or shifted their stance foot. The participant was given three trials of this 
stance and the highest score of the three was utilized for data analysis. If the participant achieved 
30 seconds in this position the timing was stopped, and no further trials of the stance were 
required.  
Single leg stance with eyes closed has been shown to deteriorate significantly with 
increased age (Springer et al., 2007). This measure is not utilized regularly in clinical 
populations of older adults due to the challenging nature of the task. However, single leg balance 
with eyes open is promoted as one indicator of fall risk in high functioning older adults (Muir et 






Single Leg Stance on Foam 
Single leg balance on foam was tested and scored in the same manner as the eyes-closed 
condition with the addition of the participant standing on a six centimeter foam pad (Airex, Sinc 
Switzerland). In this condition the participant kept their eyes open and timing was started when 
the participant achieved a single leg stance position on the foam. The test was scored as the best 
of three trials with no further testing or timing if the participant achieved 30 seconds. Single leg 
balance on foam has been associated with fall risk in older athletes (Jordre et al, 2016). 
Data Analysis 
 Descriptive statistics were utilized to define participant gender, age group and fall status. 
Faller and non-faller groups were compared for similarity in gender and age with Chi-square 
analysis. Independent t-tests were used to identify differences in outcome measures between 
genders. For analysis of outcome measures as predictors of falls, male and female participants 
were combined except where t-tests demonstrated significant gender-related differences. The 
relationship between outcome variables was measured through Pearson correlation coefficients. 
Adjustments for multiple collinearity required separate logistic regressions for each physical 
performance measure with fall history utilized as the dependent variable for each. To further 
determine the measures most predictive of falls while adjusting for collinearity a backward 
stepwise regression was conducted for male and female participants. Receiver operating 
characteristic (ROC) curve analysis with area under the curve (AUC) and 95% confidence 
intervals were used to compare the ability of each measure to independently identify athletes 
with a history of falls. Optimal cut scores were calculated from the Kolmogorov-Smirnov (KS) 
test and rounded up to optimize clinical utility.  Rounded cut scores were utilized to determine 




The Statistical Package for Social Sciences (SPSS) version 27.0 and MedCalc version 20.013 
were utilized for statistical analyses. Alpha was set at .05.  
Results 
 A total of 572 athletes participated in testing with 58% identifying as female and 42% as 
male. The number of participants completing each physical performance measures differed 
slightly as testing occurred at the convenience of each participant in accordance with their 
competition schedule. In all there were 77 athletes or 13.5% who reported a fall in the past 12 
months. There were no significant difference in the distribution of falls by gender with 10.7% of 
men and 15.5% of women reporting a fall in the past twelve months (χ2=2.67, p=.10). There was 
a difference in fall prevalence by age decade with falls in 7.4% of those 50-59, 11.0% in those 
60-69, 16.8% in those 70-79 and 22.2% in those 80+ (χ2=.10.94, p=.01).    
 Comparison of outcome measures by gender utilizing independent t tests are depicted in 
Table 1. This analysis demonstrated significant gender differences in average power (t=-6.07, 
p<.001), peak power (t=-6..34, p<.001), average velocity (t=-6.06, p<.001), peak velocity (t=-
7.19, p<.001), fast gait speed (t=-4.23, p<.001), gait speed reserve (t=-4.51, p<.001) and grip 
strength (t=-20.94, p<.001). All other outcome measures were not significantly different between 









Independent t tests for Physical Performance Measures by Gender 





Avg Power*  
(W/kg) 
Female 330 6.29 1.43 
-6.07 570 <.001 -.75 1.46 
Male 242 7.04 1.49 
Peak Power * 
(W/kg) 
Female 330 14.17 4.82 
-6.34† 452 <.001 -2.95 5.33 
Male 242 17.13 5.95 
Avg Velocity*  
(m/s) 
Female 330 0.64 0.15 
-6.06 570 <.001 -.08 .14 
Male 242 0.72 0.15 
Peak Velocity*  
(m/s) 
Female 330 1.12 0.26 
-7.19 570 <.001 -.16 .26 
Male 242 1.28 0.26 
SLS 
Eyes Closed (sec) 
Female 330 8.30 7.42 
-.25 570 .80 -.16 7.64 
Male 242 8.46 7.92 
SLS 
Foam (sec) 
Female 330 18.65 11.28 
.42 570 .41 .97 11.41 
Male 242 18.24 11.60 
UGS (m/s)  Female 322 1.37 0.22 
-.34 558 .74 -.01 .21 
Male 238 1.38 0.21 
FGS* (m/s) Female 322 2.07 0.35 
-4.23† 459 <.001 -.14 .37 
Male 238 2.21 0.41 
RGS* (m/s) Female 322 0.70 0.30 
-4.51† 449 <.001 -.13 .33 
Male 238 0.83 0.37 
Grip Strength* 
(kg) 
Female 325 28.22 5.43 
-20.94 344 <.001 -14.56 7.51 
Male 237 42.78 9.66 
FTSST (sec) Female 328 7.57 2.51 
.41 564 .68 .08 2.43 
Male 238 7.49 2.32 
Note. W/kg – Watts per kilogram, m/s-meters per second, sec-seconds, kg-kilograms, SD-
standard deviation, SLS-single leg stance, UGS- usual gait speed, FGS-fast gait speed, RGS-
gait speed reserve, FTSST – Five Times Sit to Stand Test. 
*Significantly different between male and female participants (p<.05). 




Pearson correlations for each of the outcome measures are found in Table 2a for male 
athletes and Table 2b for female athletes. These tables demonstrate high levels of correlation 
between many of the outcome measures. All measures of power and velocity were correlated at 
values of .80 or greater and nearly all variables were significantly correlated at the level of 
p<.01. Descriptive statistics for athletes by gender with and without a fall history are reported in 




















FTSST UGS FSG RGS GpS 
Avg  
Pow 
1 .80** 1.00** .90** .34** .44** -.71** .21** .411** .335** .439** 
Peak  
Pow 
.80** 1 .80** .93** .28** .30** -.63** .24** .407** .309** .423** 
Avg  
Vel 
1.00** .80** 1 .90** .34** .44** -.71** .21** .410** .335** .438** 
Peak 
Vel 
.90** .93** .90** 1 .31** .39** -.71** .25** .450** .356** .451** 
SLS  
EC 
.34** .28** .34** .31** 1 .43** -.30** .22** .284** .186** .213** 
SLS 
Foam 
.44** .30** .44** .39** .43** 1 -.41** .21** .286** .196** .330** 
FTSST -.71** -.63** -.71** -.71** -.30** -.41** 1 -.299** -.495** -.374** -.361** 
USG .21** .24** .21** .25** .22** .21** -.30** 1 .434** -.097 .229** 
FGS .41** .41** .41** .45** .28** .29** -.50** .434** 1 .855** .258** 
RGS .34** .31** .34** .36** .19** .20** -.37** -.097 .855** 1 .152* 
GpS .44** .42** .44** .45** .21** .33** -.36** .229** .258** .152* 1 
Note. Avg – average, SLS – single leg stance, EC – eyes closed, FTSST – five times sit to stand 
test, Pow – Power, Vel – Velocity, UGS – usual gait speed, FGS – fast gait speed, RGS – gait 
speed reserve, GpS – grip strength. 
*significant at the level of p<.05 




















FTSST UGS FSG RGS GpS 
Avg  
Pow 
1 .88** 1.00** .93** .42** .48** -.69** .35** .58** .41** .34** 
Peak  
Pow 
.88** 1 .88** .95** .39** .43** -.64** .31** .55** .40** .38** 
Avg  
Vel 
1.00** .88** 1 .93** .42** .48** -.69** .35** .58** .41** .34** 
Peak  
Vel 
.93** .95** .93** 1 .40** .48** -.67** .36** .58** .40** .39** 
SLS  
EC 
.42** .39* .42** .40** 1 .49** -.26** .18** .34** .26** .19** 
SLS  
Foam 
.48** .43** .48** .48** .49** 1 -.38** .27** .47** .34** .29** 
FTSST -.69** -.64** -.69** -.67** -.26** -.38** 1 -.37** -.50** -.31** -.23** 
USG .35** .31** .35** .36** .18** .27** -.37** 1 .50** -.15** .14* 
FGS .58** .55** .58** .58** .34** .47** -.50** .50** 1 .79** .32** 
RGS .41** .40** .41** .40** .26** .34** .31** -.15** .79** 1 .27** 
GpS .34** .38** .34** .39** .19** .29** -.23** .14* .32** .27** 1 
Note. Avg – average, SLS – single leg stance, EC – eyes closed, FTSST – five times sit to stand 
test, Pow – Power, Vel – Velocity, UGS – usual gait speed, FGS – fast gait speed, RGS – gait 
speed reserve, GpS – grip strength. 
*significant at the level of p<.05 








Physical Performance Measures for FALLERS by Gender 
Measure Gender N Mean SD Min Max 
Avg Pow 
(W/kg) 
Female 51 5.80 1.63 1.84 9.24 
Male 26 6.12 1.75 2.60 9.49 
Peak Pow 
(W/kg) 
Female 51 12.31 4.54 3.44 25.66 
Male 26 13.53 5.17 6.80 26.76 
Avg Vel 
(m/s) 
Female 51 .19 .94 .59 .17 
Male 26 .62 .18 .27 .97 
Peak Vel  
(m/s) 
Female 51 1.03 .28 .35 1.76 
Male 26 .62 .18 .27 .97 
SLS 
EC (sec) 
Female 51 5.55 4.14 1.63 18.13 
Male 26 7.06 7.32 .22 30.00 
SLS 
Foam (sec) 
Female 51 14.78 10.67 1.00 30.00 
Male 26 14.93 11.14 .28 30.00 
UGS  
(m/s) 
Female 49 1.31 .26 .76 1.99 
Male 26 1.35 .24 .94 2.05 
FGS 
(m/s) 
Female 49 1.93 .36 1.02 2.78 
Male 26 2.03 .47 .89 2.83 
GSR 
(m/s) 
Female 49 .63 .29 .15 1.60 
Male 26 .68 .39 -.05 1.55 
GpS 
(kg) 
Female 50 25.56 5.32 16.00 35.00 
Male 23 38.96 9.55 27.00 70.00 
FTSST (sec) Female 51 8.48 3.29 4.40 24.57 
Male 25 9.40 3.72 4.59 18.82 
Note.  Avg – average, SLS – single leg stance, EC – eyes closed, FTSST – five times sit to 
stand test, Pow – Power, Vel – Velocity, UGS – usual gait speed, FGS – fast gait speed, RGS 
– gait speed reserve, GpS – grip strength, W/kg - Watts per kilogram, m/s - meters per 











Physical Performance Measures for NON-FALLERS by Gender 
Measure Gender N Mean SD Min Max 
Avg Pow 
(W/kg) 
Female 279 6.38 1.38 2.31 10.22 
Male 216 7.15 1.42 2.02 7.34 
Peak Pow 
(W/kg) 
Female 279 14.52 4.80 4.58 33.60 
Male 216 17.56 5.90 4.85 47.34 
Avg Vel 
(m/s) 
Female 279 .65 .14 .24 1.04 
Male 216 .73 .14 .21 1.17 
Peak Vel  
(m/s) 
Female 279 1.14 .25 .45 1.76 
Male 216 1.30 .25 .49 2.05 
SLS 
EC (sec) 
Female 279 8.80 7.78 .00 30.00 
Male 216 8.63 7.99 .00 30.00 
SLS 
Foam (sec) 
Female 279 19.36 11.26 .00 30.00 
Male 216 18.64 11.61 .00 30.00 
UGS  
(m/s) 
Female 273 1.39 .21 .82 1.92 
Male 212 1.38 .21 .86 2.18 
FGS 
(m/s) 
Female 273 2.10 .34 1.22 3.38 
Male 212 2.24 .40 1.33 3.31 
GSR 
(m/s) 
Female 273 .71 .30 -.40 1.71 
Male 212 .85 .36 -.08 1.86 
GpS 
(kg) 
Female 275 28.70 5.32 15.00 44.00 
Male 214 43.19 9.60 19.00 74.00 
FTSST (sec) Female 277 7.41 2.31 3.70 19.51 
Male 213 7.27 1.20 4.21 20.64 
Note.  Avg – average, SLS – single leg stance, EC – eyes closed, FTSST – five times sit to 
stand test, Pow – Power, Vel – Velocity, UGS – usual gait speed, FGS – fast gait speed, RGS 
– gait speed reserve, GpS – grip strength, W/kg - Watts per kilogram, m/s - meters per second, 




Logistic regression demonstrated that all tests were able to identify participants with a 
history of falling with the exception of gait speed reserve in female participants (p=.06) and grip 
strength in male participants (p=.05). Nagelkerke R square ranged from .02 for usual gait speed 
and female gait speed reserve to .12 for male peak velocity. Table 5 reflects the details of each 





Logistic Regression for Each Physical Performance Measure to Classify Fallers 
Measure B SE Wald df p OR 95% CI R2 HL χ2 HL p 
Avg Pow           
Female* -.28 .11 6.82 1 .01 .76 .62-.93 .04 3.70 .88 
Male* -.48 .15 10.60 1 .001 .62 .46-.83 .09 7.92 .44 
Peak Pow           
Female* -.11 .04 8.81 1 .003 .90 .83-.96 .05 11.65 .16 
Male* -.17 .05 11.07 1 .001 .84 .76-.93 .11 11.84 .16 
Avg Vel           
Female* -2.71 1.04 6.81 1 .009 .07 .01-.51 .04 3.82 .87 
Male* -4.73 1.45 10.60 1 .001 .009 .001-.15 .09 8.02 .43 
Peak Vel           
Female* -1.69 .60 7.85 1 .005 .19 .06-.60 .04 7.57 .48 
Male* -3.19 .89 12.86 1 <.001 .04 .007-.24 .12 24.57 .002 
SLS EC           
Combined
* 
-.06 .02 7.63 1 .006 .94 .90-.98 .03 1.69 .99 
SLS Foam           
Combined
* 
-.03 .01 8.90 1 .003 .97 .95-.99 .03 3.74 .59 
UGS           
Combined
* 
-1.43 .60 5.76 1 .02 .24 .07-.77 .02 5.80 .67 
FGS           
Female* -1.57 .51 9.58 1 .002 .21 .08-.56 .06 5.72 .68 
Male* -1.35 .56 5.83 1 .02 .26 .09-.78 .05 11.43 .18 
RGS           
Female -1.04 .56 3.44 1 .06 .35 .12-1.06 .02 11.73 .16 
Male* -1.42 .64 4.91 1 .03 .24 .07-.85 .05 13.02 .11 
GpS           
Female* -.12 .03 13.58 1 <.001 .89 .84-.95 .08 12.46 .09 
Male -.05 .03 3.97 1 .05 .95 .90-1.0 .04 7.03 .53 
FTSST           
Combined
* 
.19 .04 18.85 1 <.001 1.21 1.11-1.31 .06 12.15 .15 
Note. Avg-average, SLS-single leg stance, EC-eyes closed, FTSST-five times sit to stand test, 
Pow-Power, Vel-Velocity, UGS-usual gait speed, FGS-fast gait speed, RGS-gait speed 
reserve, GpS-grip strength, R2-Nagelkerke R square, HL-Hosmer Lemeshow Test, χ2-Chi 
Square 




   
The multiple logistic regression with backward elimination resulted in ten steps for male 
participants. The final model included only the FTSST which produced a model with a Chi 
Square of 13.59 (p<.001) and had an odds ratio of 1.32 (p <.001). The Nagelkerke R Square for 
this model started at .14 with all variables and reduced to .12 in the final model. The logistic 
regression with backward elimination for female participants results in 9 steps and the final 
model included Single Leg Stance with Eyes Closed (OR .93, p =.03) and Grip Strength (OR .90, 
p =.001) with a model Chi Square of 21.02 (p<.001).The Nagelkerke R Square for female 
participants started at .12 with all variables in the model and reduced to .11 in the final model. 





   
  Figure 1a 
  Logistic Regression with Backward Elimination for Male Older Athlete Falls 
  
Note. Results of logistic regression to predict falls in male older athletes. χ2-Chi Square of 
model, p-significance of model, Avg Pow-Average Power, Peak Pow-Peak Power, Avg 
Vel-Average Velocity, Peak Vel-Peak Velocity, FTSST-Five Times Sit to Stand Test, EC-
Single Leg Stance Eyes Closed, Foam-Single Leg Stance on Foam, UGS-Usual Gait 
Speed, FGS-Fast Gait Speed, GpS-Grip Strength. 
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Peak Vel FTSST UGS GpS
Step 6 χ2=15.99 p=.007
Peak Vel FTSST UGS FGS GpS
Step 5 χ2=16.09 p=.013
Peak Vel EC FTSST UGS FG GpS
Step 4 χ2=16.09 p=.024
Avg Pow Peak Vel EC FTSST UGS FGS GpS
Step 3 χ2=16.12 p=.041
Avg Pow Avg Vel Peak Vel EC FTSST UGS FGS GpS
Step 2 χ2=16.12 p=.064
Avg Pow Peak Pow Avg Vel Peak Vel Eyes Closed FTSST UGS FGS GpS
Step 1 χ2=16.13 p=.096





  Figure 1b 
  Logistic Regression with Backward Elimination for Female Older Athlete Falls 
 
Note. Results of logistic regression to predict falls in female older athletes. χ2-Chi Square 
of model, p-significance of model, Avg Power-Average Power, Peak Pow-Peak Power, 
Avg Vel-Average Velocity, Peak Vel-Peak Velocity, FTSST-Five Times Sit to Stand Test, 
EC-Single Leg Stance Eyes Closed, Foam-Single Leg Stance on Foam, UGS-Usual Gait 
Speed, FGS-Fast Gait Speed, GpS-Grip Strength. 
Step 9 χ2=21.02 p<.001
EC GpS
Step 8 χ2=22.01 p<.001
Peak Pow EC GpS
Step 7 χ2=23.31 p<.001
Peak Vel GpS Peak Pow EC
Step 6 χ2=25.26 p<.001
Peak Vel UGS GpS Peak Pow EC
Step 5 χ2=26.41 p<.001
Peak Vel EC FTSST UGS GpS
Step 4 χ2=26.44 p<.001
Avg Pow Peak Vel EC FTSST UGS GpS
Step 3 χ2=26.83 p=.001
Avg Pow Avg Vel Peak Vel EC FTSST UGS GpS
Step 2 χ2=27.10 p=.001
Avg Pow Peak Pow Avg Vel Peak Vel EC FTSST UGS FGS GpS
Step 1 χ2=27.10 p=.003




Examination of ROC analysis for each measure demonstrated that each physical performance 
measures was significantly predictive of fall status with the exception of fast gait speed in male 
athletes and gait speed reserve in male and female athletes. The highest area under the curve 
(AUC) for all tests was male peak power with AUC=.71 (p<.001). A cutoff for this measure of 
17.05 W/kg provided a sensitivity of 85% and a specificity of 50%. For female participants the 
highest AUC was associated with grip strength, AUC=.66 (p=.04) which provided a sensitivity 
of 52% and specificity of 75%. The detailed ROC analysis and associated sensitivity and 
specificity can be found in Table 6.  
 After rounding for clinical applicability, male peak power demonstrated a positive 
predictive value (PPV) of 16.9 and a negative predictive value (NPV) of 96.4. Female grip 
strength demonstrated a PPV of 24.0 and a negative predictive value of 90.0. Overall the PPV of 
all measures remained relatively low with a range of 12.2-31.3 and the range of NPV was 
relatively high (88.1-96.4). Scores rounded for clinic use are found in Table 7 with associated 






Receiver Operating Curve (ROC) Analysis of Measures to Identify Older Athlete Fallers 
Measure AUC SE p 95% CI Score Sens Spec 
Average Power (W/kg) 
Combined .64 .04 <.001 .57-.71 5.81 51% 74% 
Female .60 .05 .023 .51-.69 5.85 55% 64% 
Male .67 .06 .006 .55-.79 5.78 46% 85% 
Peak Power (W/kg) 
Combined .67 .03 <.001 .60-.74 13.39 62% 65% 
Female .63 .04 .002 .55-.72 13.39 69% 56% 
Male .71 .06 <.001 .59-.82 17.05 85% 50% 
Average Velocity (m/s) 
Combined .64 .04 <.001 .57-.71 .59 51% 74% 
Female .60 .05 .023 .51-.69 .60 55% 64% 
Male .67 .06 .006 .55-.79 .59 46% 85% 
Peak Velocity (m/s) 
Combined .67 .04 <.001 .59-.73 1.12 61% 65% 
Female .61 .05 .011 .53-.70 1.12 67% 56% 
Male .70 .06 .001 .58-.81 1.3 81% 56% 
Eyes Closed – SLS (sec) 
Combined .60 .03 .002 .54-.66 7.61 82% 37% 
Foam – SLS (sec) 
Combined .60 .03 .004 .53-.66 25.25 74% 48% 
Usual Gait Speed (m/s) 
Combined .60 .04 .009 .52-.67 1.37 65% 52% 
Fast Gait Speed (m/s) 
Combined .63 .04 .001 .56-.70 1.78 35% 88% 
Female .62 .05 .006 .54-.71 1.73 33% 89% 
Male .61 .07 .08 .49-.74 1.79 39% 90% 
Gait Speed Reserve (m/s) 
Combined .61 .003 .003 .54-.68 .52 45% 79% 
Female .59 .05 .07 .49-.68 .52 47% 77% 
Male .62 .06 .05 .50-.74 .50 42% 84% 
Grip Strength (kg) 
Combined .66 .03 <.001 .59-.72 35.5 82% 41% 
Female .66 .04 <.001 .57-.74 25.5 52% 75% 
Male .65 .06 .01 .53-.77 45.5 87% 39% 
FTSST (sec) 
Combined .65 .04 <.001 .58-.72 8.8 46% 83% 
Note. FTSST-Five Times Sit to Stand Test, W/kg-Watts per kilogram, m/s-meters per second, 
sec-seconds, kg-kilograms, AUC-Area under the curve, SE-standard error, CI-Confidence 






Clinical Cut-Scores with Predictive Values for Falls in Older Athletes 
Measure Score Sen Spec PPV NPV 
Average Power (W/kg) 
Combined 6 53% 69% 21.8 90.6 
Female 6 55% 61% 20.4 88.1 
Male 6 50% 79% 23.6 93.0 
Peak Power (W/kg) 
Combined 13 57% 67% 21.4 91.0 
Female 13 63% 59% 21.8 89.6 
Male 17 81% 50% 16.9 96.4 
Average Velocity (m/s) 
Combined .60 52% 72% 22.2 90.6 
Female .60 55% 64% 21.7 88.6 
Male .60 46% 82% 23.5 92.7 
Peak Velocity (m/s) 
Combined 1.00 42% 79% 23.6 89.8 
Female 1.00 41% 71% 21.2 87.2 
Male 1.00 42% 82% 30.6 92.7 
Eyes Closed – SLS (sec) 
Combined 8 82% 36% 16.3 92.8 
Foam – SLS (sec) 
Combined 25 73% 48% 17.8 91.8 
Usual Gait Speed (m/s) 
Combined 1.4 69% 45% 15.6 89.9 
Fast Gait Speed (m/s) 
Combined 1.8 35% 88% 29.3 89.7 
Female 1.8 33% 86% 28.3 87.8 
Male 1.8 39% 90% 31.3 92.2 
Gait Speed Reserve (m/s) 
Combined .5 39% 81% 25.0 89.9 
Female .5 37% 79% 25.3 88.1 
Male .5 42% 84% 24.4 92.2 
Grip Strength (kg) 
Combined 36 82% 41% 16.7 93.9 
Female 26 52% 75% 24.0 90.0 
Male 46 87% 39% 12.2 95.9 
FTSST (sec) 
Combined 9 38% 85% 27.6 89.5 
Note. W/kg – Watts per kilogram, m/s – meters per second, sec – seconds, kg – kilograms, 
AUC – Area under the curve, SE – standard error, CI – Confidence Interval, Score – optimal 






This study was focused on determining those measures most effective at identifying older 
athletes who fall, with a specific goal of discerning whether measures of lower extremity power 
or movement velocity would be superior to more traditional physical performance measures. 
Overall, tests of lower extremity power and movement velocity were very similar in their ability 
to identify fallers and non-fallers when compared to more typical tests of strength, mobility and 
balance. All tests appeared better at identifying non-fallers with a higher negative predictive 
value for all measures tested. This is likely related to the low prevalence of falls in this 
population.  
In male athletes AUC values were highest in the areas of peak power and peak movement 
velocity though the optimal model for prediction included only the FTSST. The simplicity of the 
FTSST and the equipment required make this an easy choice for clinicians when their primary 
concern is fall risk. The FTSST was previously found to relate closely to fall status in older 
athletes (Jordre et al., 2016). 
  The highest value found for female athletes was grip strength with an AUC of .66. This 
finding was unexpected as a past analysis of older athletes found grip strength in male but not 
female athletes to associate closely with fall status (Jordre et al., 2016). However, two recent 
studies focused on predicting falls in community-dwelling adults found female grip strength to 
associated closely to fall history in middle-aged (Rathnayake & Lekamwasam, 2021) and older 
populations (Yang et al., 2018). It may be that the population tested here and that tested in the 
2016 study represented slightly different cross-sections of the older athlete population. 
After conducting a systematic review of instrumented sit to stand testing as a means of 




more effectively if the sit to stand maneuver is broken into segments with each phase of the 
movement carefully analyzed. This would be an appropriate area for future investigation 
considering the limited added value found for these measures with less segmented analysis in 
this investigation. 
Clinicians who have access to instruments able to measure power and movement 
velocity, such as the Tendo utilized in this study, may find ease in using such tools to assess 
older athletes. However, these tools do not appear to provide novel information at least as it 
relates to balance and fall risk in this population.  
Limitations 
 The cross-sectional design of this study poses a limitation as true predictions or cause 
cannot be assigned. The retrospective and self-reported nature of reporting falls in this study 
further limits the predictive value as some athletes may have suffered a decline in physical 
function as a result of their fall rather than falling as a result of a pre-existing functional 
limitation. All athletes participating in this study were volunteers and may not have reflected a 
true cross-section of the population. Data was collected very near the time of athlete competition 
and results could have been influenced by athletes treating the research as another competitive 
event or by those trying to conserve energy between events. Future studies should consider 
isolating specific sports for analysis and following athletes with a prospective model. Finally, as 
suggested by Shukla et al. (2020) there may be more discriminating information to gain by 






 Measures of lower extremity power and movement velocity were similarly associated 
with fall risk in older athletes when compared to more traditional measures of strength, mobility 
and balance. The FTSST emerged as the best predictor in male older athletes. In female older 
athletes single leg stance with eyes closed and grip strength were the best predictors.  
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Chapter 5: Conclusion 
 The world’s population is growing older by the day (He, 2016). Older athletes are 
defining themselves as a subset of this growth and as individuals who maintain superior physical 
function while aging (Glenn et al., 2015; Jordre & Schweinle, 2020). Older athletes are 
participating at greater rates in all types of sporting events and remain competitive even at 
advanced ages (National Senior Games Association (NSGA), 2018; Lepers et al., 2021; Stiefel et 
al., 2014; Vitti et al., 2020). Enhancing the body of knowledge associated with this population 
will assist healthcare providers in providing more effective care and in understanding keys to 
successful aging (Geard et al., 2017).  
Purpose One 
The first purpose of this dissertation was to report normative data for lower extremity 
power and movement velocity in older athletes. Work toward this purpose started with a careful 
overview of variables that influence measures of lower extremity power and movement velocity 
in older adults. In paper one a factorial multivariate analysis of variance (MANOVA) provided 
insight into the influence of gender, age and sport intensity on outcome measures of lower 
extremity power and movement velocity. Each of these descriptors were ultimately determined 
to influence each outcome measure which included average power, peak power, average velocity 
and peak velocity. Older athletes who scored higher on these measures were male, younger and 
more likely to engage in a vigorous competitive sport. These findings were consistent with others 
which demonstrated a decline in measures of power with increased age (Glenn et al., 2017; 
Skelton et al., 1994). Unlike the inquiry of this dissertation, reports of power and velocity in 
other aging populations often do not attended to the differences of gender making some 




with advancing age the measure with the greatest loss for both genders was peak power, a 
variable considered key when defining older adult function in the general population (Reid & 
Fielding, 2012). The product of paper one includes the first normative values available for older 
athletes in the area of lower extremity power and movement velocity and can be used to better 
examine and measures progress in this high-functioning group.  
Purpose Two 
 With a better understanding of variables that influence measures of lower extremity 
power and movement velocity, paper two began to explore the relationship between these 
measures and fall status in older athletes in order to address the second purpose of this 
dissertation, identifying any relationship between measures of lower extremity power and 
movement velocity and fall history in older athletes. Athlete outcomes for each measure were 
divided by gender and due to identified multicollinearity independent logistic regressions were 
utilized to determine the relationship each measure might have with an athlete’s fall history. All 
measures including average power, peak power, average velocity and peak velocity  were found 
to relate significantly to older athlete fall history. Further analysis of receiver operating 
characteristic (ROC) curves determined that peak power was a strong predictor of falls for male 
older athletes and was the variable most associated with fall status in female older adults.  
Purpose Three 
 Understanding that measures of lower extremity power and movement velocity are 
closely associated with falls in older adults may not be a surprising finding considering the 
known relationships between function, falls and these outcome measures already seen in the 
general population of less active older adults. However, the emphasis of paper three scrutinized 




understanding of falls in older athletes. The results of this paper served to address the third and 
final purpose of this dissertation, “to quantify the relationship between measures of lower 
extremity power and movement velocity and more common clinical measures of strength, 
mobility and balance currently utilized to assess fall-risk in this population.” Multiple functional 
tests used as part of the Senior Athlete Fitness Exam (SAFE) were chosen for this comparison as 
they are the only battery of tests currently identified specifically for use with older athletes 
(Jordre & Schweinle, 2020). 
 The variables again posed a problem with multiple collinearity and were analyzed first 
independently to determine the relationship of each to fall history. Eleven variables in all were 
analyzed including the four measures of power and velocity, two for static balance, two for 
strength and three for mobility. All but two of the variables analyzed demonstrated a significant 
relationship to fall history. Only gait speed for both male and female athletes and fast gait speed 
for male athletes lacked statistical significance as predictors. Using a backward stepwise 
regression to isolate only the most predictive variables singled out the FTSST for male athletes 
and both grip strength and single leg stance with eyes closed for female athletes. 
Discussion 
The variables studied for this dissertation (average power, peak power, average velocity 
and peak velocity) appear to function in a similar manner to other physical performance 
measures in this population of older adults. Peak power, a measure supported as a key indicator 
of function in community-dwelling older adults (Reid & Fielding, 2012) was isolated as distinct 
in this population as well. As with other physical performance measures (Glenn et al., 2015; 
Jordre & Schweinle, 2020), paper one demonstrated that older athletes score well on measures of 




population. Findings that traditional physical performance measures related closely to measures 
of power and velocity is consistent with findings from the general population of older adults as 
well (Alcazar et al., 2020; Baltasar-Fernandez et al., 2020; Glenn et al. 2017; Parsons et al., 
2020). It appears that, regardless of athlete status these relationships hold true. Further, as with 
community-dwelling older adults these measures of power and movement velocity were 
associated with falls (Parsons et al., 2020; Vincenzo et al., 2018). However, trends in the current 
literature suggest that these measures of power and movement velocity may be superior to other 
measures of function when attempting to predict falls (Parsons et al., 2020). For this population 
of older athletes this trend did not persist. This dissertation found that, while measures of power 
and velocity were associated with falls in older athletes, more traditional measures of function 
were equally associated with falls and potentially, better at predicting fall status.  
 While the questions of this dissertation have been answered, the findings here lead to 
additional questions. Power and movement velocity have been identified as superior measures of 
physical function in community-dwelling older adults (Alcazar et al., 2020; Losa-Reyna et al., 
2020). It may be that while measures of power and velocity are not superior for the identification 
of fall risk in this population they could be tied to other important functional outcomes or health 
factors not investigated here. With clear differences found between athletes competing in 
different sports it seems further sport-specific analysis could determine the influence of muscle 
power in sport performance. The method of testing power and movement velocity from a sit to 
stand task rather than jumping or performing a more sport-related task could account for 
differences in the findings of this dissertation from other studies of power (Alcazar et al., 2018; 






 Older athletes demonstrate lower extremity power and movement velocity that follow 
some of the trends of their community-dwelling peers. Measures relate closely to more 
traditional physical performance measures and closely to fall status in this population as they do 
in the general population. While no measure of power or movement velocity proved ideal in the 
assessment of fall risk, peak power persisted as a meaningful measure in this population and one 
that should be investigated further. Other relationships found between physical performance 
measures, fall status and measures of lower extremity power and movement velocity leave 
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